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@ Fire retardant concentrates and methods for preparation thereof. 

© The present Invention Is directed to an aqueous concen- 
trate adapted to be diluted with water and used In fire control 
The concentrate exhibits a viscosity of less than about 2000 
centipoise and containing between about 0.75% and about &Vo 
by weight a thickening agent and at least about 24<Yo by weight 
of certain fire retardants. particularly dlammonlum phosphate 
diammonium sulfate, a blend of diammonium phosphate and 
diammontum sulfate, a blend of monoammonium phosphate 
and diammonium phosphate having a nitrogen to phosphorus 
ratio of at least about 1.25. and a blend of monoammonium 
phosphate, diammonium sulfate and diammonium phosphate 
having a nitrogen to phosphorus ratio of at least about 1.25 
Processes for the preparation of such concentrates and for use 
thereof are also disclosed. 
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Description 

FIRE RETARDANT CONCENTRATES AND METHODS FOR PREPARATION THEREOF 



5 

Background of the Invention 

This invention relates to chemical fire retardants and more particularly to concentrates adapted for dilution 
with water to produce long-term fire retardant solutions comprising such concentrates. 
An important method for controlling wildtand fires involves dropping an aqueous fire retardant solution from 

10 helicopter or fixed-wing aircraft onto timber or other foliage to form a chemical fire break in front of an 
oncoming fire. Fire retardant mixtures adapted for release from fixed-wing aircraft are desirably of relatively 
high viscosity, for example, about 1000 to 2000 centipoise, so that the mixture resists atomizing or spreading 
out to form a thin, discontinuous layer as it fails from the aircraft. However, a mixture exhibiting too high a 
viscosity is difficult to pump and may tend to form globules and so does not drop in fluid, continuous form to 

15 create an uninterrupted fire break. While the particular viscosity at which this occurs depends on the particular 
thickener incorporated in the mixture, it is typically preferred that the viscosity of the mixture be maintained 
below about 3000 centipoise, and more preferably below about 2000 centipoise. On the other hand, if the 
mixture is to be released by a helicopter, atomization of the fire control mixture is not as much of a problem 
because the helicopter may hover close to the target Thus, fire retardant mixtures adapted for release from a 

20 helicopter typically are of a relatively low viscosity, generally about 50 to 250 centipoise. 

Fire retardant mixtures employed In such fire control methods ordinarily comprise aqueous mixtures 
containing between about 5<>/o and about 20% by weight, usually between about 10% and about 16% by 
weight, fire retardant. The retardant typically is a composition that produces phosphoric acid or sulfuric acid 
when heated. Common retardants are ammonium phosphate compositions and ammonium sulfate 

25 compositions such as monoammonium orthophosphate, diammonium orthophosphate, rnonoammonium 
pyrophosphate, diammonium pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate, 
ammonium polyphosphate, substituted ammonium polyphosphate, amide polyphosphate, meiamfne poly- 
phosphate, ammonium-alkali metal mixed salts of orthophosphate, ammonium-alkali metal mixed salts of 
pyrophosphate, ammonium-alkali metal mixed salts of polyphosphate, ammonium-alkaline earth metal mixed 

30 salts of orthophosphate, ammonium-alkaline earth metal mixed salts of pyrophosphate, ammonium-alkaline 

earth metal mixed salts of polyphosphate, ammonium sulfate and blends thereof. So-called "liquid ammonium , 
polyphosphates", as described in U.S. patent 3,730,890 (Nelson), are also commonly used as fire retardants. 
Such liquid ammonium polyphosphates are often used commercially as fertilizers and may be aqueous 
mixtures of ammonium ortho, pyro, and polyphosphate and, optionally, also metaphosphate. Typical 

35 formulations of such liquid ammonium polyphosphates contain 10% by weight nitrogen and 34% by weight 
phosphorus, or 11% by weight nitrogen and 37% by weight phosphorus. 

Whereas fire suppressant mixtures rely solely on the water they contain to retard combustion, phosphate or 
sulfate containing fire retardant mixtures are useful for relatively long-term fire retardancy and Include water 
primarily as a carrier for the fire retardant composition. Thus, long-term fire retardant mixtures continue to 

40 function even after the free water they contain evaporates. Long-term fire retardant mixtures are discussed in 
U.S. patent 4,145,296 (Fox et al.), U.S. patent 4,272,414 (Vandersall), U.S. patent 4,101 ,485 (Brooks et a!.), U.S. 
patent 3,350,305 (Langguth et al.), U.S. patent 4,190,634 (Feiier), U.S. patent 3,558,486 (Morgenthaler), U.S. 
patent 3,364,149 (Morgenthaler), U.S. patent 3,342,749 (Handleman et al.) f U.S. patent 3,338,829 (Langguth et 
al.), U.S. patent 3,309,324 (Langguth et al.), U.S. patent 3,293,189 (Morgenthaler), U.S. patent 3,275,566 

45 (Langguth), U.S. patent 3,257,316 (Langguth et al,), U.S. patent 3,223,649 (Langguth), U.S. patent 3,024,100 
(Langguth et al.), U.S. patent 3,024,099 (Martinson) and U.S. patent 2,526,083 (Nielson). 

When such aqueous long-term fire retardant mixtures are used to assist in gaining control of a fire, the 
retardant and the foliage coated by the retardant are heated. As an ammonium phosphate or ammonium 
sulfate retardant is heated, ammonia is released, leaving phosphoric or sulfuric acid on the cellulose of the 

50 foliage, whereupon a reaction is understood to take place and, as a by-product, water is given off as fire 
suppressing steam. Thus, the compositions which act as retardants are salts or other compounds that release 
phosphoric acid or sulfuric acid below the ignition temperature of cellulose. Aqueous fire retardant mixtures 
are frequently prepared by mixing a solid powder form fire retardant mixture with water. Such mixtures may 
also be prepared by diluting liquid ammonium phosphate with water. 

55 Commonly, fire control mixtures further contain a gum thickener to modify the viscosity of the mixture. Low 
viscosity mixtures contain a relatively lower proportion of thickener than do high viscosity mixtures. Some 
typical gum thickeners are discussed in U.S. patent 3,634,234 (Morgenthaler), in U.S. patent 4,447,336 
(Vandersall) and in U.S. patent 4,447,337 (Adl et al.). In addition, the mixture may contain corrosion inhibitors 
and flow conditioners. Aqueous fire retardant solutions are frequently prepared by mixing a solid powder form 

60 fire retardant composition with water. Typical flow conditioners, which are added to the powder form of the fire 
control mixture to keep the mixture free-flowing, are tricalcium phosphate, magnesium carbonate, talc, 
sodium silicate and finely divided, colloidal silica. Optionally, the aqueous fire control mixture may also contain 
a colorant. The colorant may be a pigment such as iron oxide, which produces a red color, titanium dioxide * 
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ingredients and other auxiliary components Sf H i*™! V "? te , SO,ution or sus P ens, °n of active 
mixture in a relatively concZmtTJghter ^ to 8h jP store *• flre «W 

concentrate form on site or as needed FurSefbeSuse of iff^S* ton \ and to d,luto tne drv or 
lack of manpower and the desiraSliSS 

have a concentrated liquid retardant comiMsttlon^^ B ""™/ necnan ca ' fel'u™, It is frequently preferred to 
powder composition which mustTe Z£ * °" ta d " Ut9d befora use ra «™ «™ a dry 

thickening agent and may not includrothe7d«i™wr»HHw ' J ^ pl9, SUCh products do not conta| n a 
must be obtained. sM^^T^^^^S^i^^l *? and other 

thickener or other addittves, oTcoSrsT result t KlSSEl? C ° 4 nc ! ntrate or not u *>° «t all. Exclusion of 
components, the thickener and ^ 

the thickener and other additives wl h the rrtldant 2Ln 5? Wd *T^ metertnfl ,s re( l u,red t0 mi * 
These are particularly serious drawback ?n vS % USr^JS ^ llv fl tra,n8d Personnel are needed. 

Summary of the Invention 

water to produce an aqueous fire retardant miYt.iro avwi^i^ • i *T ada P ted to be d "uted with 

wlardsnt conipon.nl bet»em about 6 .nd al»ut 20 n«te bVratoht . J*T .7 ^ - . ** *" 
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agent produces a mixture having a viscosity less than about 1000 centipoise. The mixing is carried out in a 
manner such that the concentration of fire retardant composition in the aqueous phase remains above about 
300/0 by weight during the entire mixing process. 
The present invention is also directed to a novel method for preparing an aqueous concentrate that is 

5 adapted to be diluted with water and used in fire control, wherein the method comprises mixing a solid 
particulate fire retardant composition with water to produce a concentrate exhibiting a viscosity of less than 
about 2000 centipoise and a concentration of solids derived from the fire retardant composition of at least 
about 300/o by weight of total concentrate, 40 parts by weight total fire retardant composition containing 
between about 1 and about 3 parts by weight of a thickening agent and between about 34 and about 38 parts 

10 by weight of a fire retardant The fire retardant is selected from the group consisting of diammonium 
phosphate, diammonium sulfate, a blend of diammonium phosphate and diammonium sulfate, a blend of 
monoammonium phosphate and diammonium phosphate having a nitrogen to phosphorus ratio of at least 
about 1.25, a blend of monoamonium phosphate, diammonium sulfate and diammonium phosphate having a 
nitrogen to phosphorus ratio of at least about 125, and a blend of such fire retardant with polyammonium 

15 phosphate. In the method, mixing being carried out in a manner such that the concentration of fire retardant 
composition in the aqueous phase remains about about 30% by weight during the entire mixing process. 

The present invention is also directed to a novel multiple step method for preparing an aqueous concentrate 
that is adapted to be diluted with water and used in fire control. In the method, first a solid particulate fire 
retardant is mixed with water to produce a retardant solution having a concentration of solids derived from the 

20 fire retardant of at least about 24% by weight of solution. The characteristics of the fire retardant component 
are such that (a) the fire retardant releases phosphoric acid or sulfuric acid or both at a temperature below the 
ignition temperature of cellulose; and (b) mixing of one part by weight of the fire retardant component with 
between about 6 and about 20 parts by weight water and between about 0.02 and about 0.2 parts by weight 
thickening agent produces a mixture having a viscosity of between about 1000 and about 3000 centipoise; but 

25 (c) mixing of one part by weight of the fire retardant component with less than about 4 parts by weight water 
and between about 0.02 and about 02 parts by weight thickening agent produces a mixture having a viscosity 
less than about 1000 centipoise. Thereafter, a composition comprising a thickening agent Is mixed with the 
solution to produce a concentrate comprising at between about 0.75Q/b and about 6% by weight thickening 
agent and exhibiting a viscosity of (ess than about 1000 centipoise. 

30 The present invention is further drawn to such method wherein the fire retardant is selected from the group 
consisting of diammonium phosphate, diammonium sulfate, a blend of diammonium phosphate and 
diammonium sulfate, a blend of monoammonium phosphate and diammonium phosphate having a nitrogen to 
phosphorus ratio of at least about 1.25, a blend of monoammonium phosphate, diammonium sulfate and 
diammonium phosphate having a nitrogen to phosphorus ratio of at least about 1.25, and a blend of such fire 

35 retardant with polyammonium phosphate. 

The present invention is also directed to methods of preparing fire retardant mixtures from such 
concentrates and to methods of controlling fires with such mixtures. 

Description of the Preferred Embodiments 

40 In accordance with the present invention, it has been discovered that an aqueous fire retardant concentrate 
can be prepared, having a moderate viscosity despite the presence of a thickener, by maintaining the 
concentration of fire retardant in the concentrate at a high level. More particularly, it has been found that, by 
maintaining the concentration of certain fire retardants above about 24Q/b by weight, the viscosity of the 
concentrate is controlled at less than about 2000 cps, even in the presence of 6% and possibly as much as 

45 50o/o by weight of a thickening agent. 

Ordinarily, the viscosity of a mixture would be expected to increase with increasing concentration of 
thickener or other high-viscosity components. And, as expected, it has been found that increasing the 
concentration of fire retardant in an aqueous fire control mixture from about 100/o to 20P/b by weight (while 
maintaining a constant thickener to retardant concentration ratio), increases the viscosity of the mixture. 

50 Surprisingly and seemingly inexplicably, however, it has been discovered that the concentrate of this 
invention, which has a fire retardant concentration of at least about 240/0 by weight and a thickener 
concentration of between about O.750/0 and 60/0 by weight, not only has a viscosity that is not appreciably 
higher than that of the diluted mixture ultimately used in fire control, (50/0 to 1 0O/o by weight fire retardant and at 
most about 0.3 <Vo by weight thickener) but typically the concentrate has a much lower viscosity than the diluted 

55 mixture. Yet this phenomenon has been found not to be determined by the pH of the concentrate, and has 
been observed only for certain fire retardants. For example, if the fire retardant in the concentrate is 
monoammonium phosphate with an N/P ratio of less than 155, the viscosity of the concentrate is very high. 
However, if the retardant in a concentrate of the same pH is diammonium sulphate, the viscosity of the 
concentrate is relatively low. It has been found that the concentrate of this Invention has a viscosity far below 

60 2000 centipoise, typically below about 350 centipoise and often below about 50 centipoise. 

Therefore, the concentrate of this invention avoids the pumping and handling problems that are 
encountered with mixtures of viscosities above about 2000 centipoise. In addition, the aqueous concentrate 
tends to disperse into mixture during dilution more readily than does powder. Accordingly, the concentrates of 
this invention require less meticulous metering of water than is required for ordinary powder concentrates. 

65 Also, since the concentrate includes thickener and, optionally, other additives, the only ingredients necessary 
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^£Ui? ?h« h. fi« control retardant ready for application are the concentrate and water. 

Generally, it has been discovered that addition of thickener to an aqueous mixture containing * r<,i»th«h, 
high concentration of certain fire retardants surprisingly produces a Zure i toJ^vhSE San mSS 
containing substantially lower concentrations of retardant and thickener It tmZ^^S^jS^T 

SSUSi?. "5? Ure "i Ut ' nS . tead te0dS t0 86tt,e ,n a 8and -" ke ,orm - remaJ ns suspended^ slSoldS 
form, or nses to the surface of the mixture. More particularly. It has been found that certain TfiTretXS 

wd tetaen S>cT* Z£ l^oX**?*" f 3 ?* 0 055 and a°out 0.2 parts by weight thickening agent 
Shm^ „1« w 6 and about 20 parts by weight water. Yet. these same retardants produce mixtures 

Similarly the same phenomenon of decreased viscosity with Increased thickener concentration h«« h«m 
observed when such Are retardants are incorporated In fir* retardant Sd^^^^^^Xl 
tow viscosity mixtures are similar to the high viscosity mixtures adapted for delivery by ffiS^St 
However, the lower viscosity mixtures contain lower levels of thlckeneV. Thus, for ZTower^scoSmto 
which are adapted for delivery by helicopter, the Are retardant produces a mixZs exhfoWn 
between about 50 and about 250 centipoise when one part by weight of reSdS if l!2 

by weight water However, the fire retardant produces a mixture exhibiting a viscosity below M centlS 

^ft T "? t* flte retafdant te mlxed the amount o? thicS? agert futTe^thS 

about 4 parts by weight water. Clearly, therefore, this is a significant advantage In preparing and hSdS 
concentrates of high viscosity fire control retardants adapted for application by helicopte? 9 
The fire retardants of the concentrates and fire control retartante of the invention^ Compounds or a 
rmxtureo compounds that degrade or decompose at temperatures below the ignm™ tenSrarr^SfSete 

l mn no P ?h teCted (e - 9 ;- Ce,l ? ,0 r )l th6reby releaslng a mineral acld - suoh phosphoric ad To^SS^S 
Among the various fire retardants typically used in fire retardant mixtures and which mioht be ,Zh J?SL 
concentrate of this invention are monoammon.um orthophosphate. dTaZonTum^^^^ 

^!T fl t P B yr0ph0SP, ! ate • di rr nium W"***' tnammonlum pyrophosphate teSmonZ S£ 
phosphate, ammonium polyphosphate, substituted ammonium polyphosphate. amidTpSo^hX 
melamine polyphosphate, ammonium-alkali metaJ mixed salts of orthophosphate ammoniumSlZSi 

mLTa. d Sxe?S h o r^ 

tv f orthophosphate. ammonium-alkaline earth metal mixed salts of pyrophosphate 
ammonium-alkaline earth metal mixed salts of polyphosphate, ammonium sulfate Mould SS! 
polyphosphates and blends thereof. While liquid ammonium poiyphosXTs Te geSraiiy S dilTeTmeTr 
commerctal forms for application as fire retardants. other retardants such as thos ^oto£^™£ 
mixed with liquid ammonium polyphosphate until a minimum acceptable c^SSmte^fiS^ 
ISISS? ,S ^ 0a " ed phosphate, and SSSS^oifS^SS 

rrt SZ SUCh 88 ZFT 6 meta P"°Ph^. ^d the alkali metal equivalents thereof, as welfas I 
b Si?i P i°jS ate r >,y r re u SUCh P 0 * 3 " 1 ™"' 1 ™ Phosphates are often referred to as 10-34*3 n£5> 
u "? °, r tne ,ike • where the flrst number ,ndlca tes the percentage of nitrogen n to blend t£ 

Specifically, it has been found that diammonium phosphate (DAP) and dlammonium sulfate fDASl m «v h„ 
employed as the fire retardant in the concentrates* this invention, but wr7a ret«SnS 
monoammonium phosphate (MAP) produces a concentrate of the above discussed ^deshS^S^ 
rfit.s combined with another retardant. parHculariy DAP. No expl^ 

SKS" T a " 1,n ?. T f" d "° 0tner flre retardant has a ^gh viscosity. whHe SofDAP^rr^ a?^ 
onlyfire retardant results in relatively low viscosity concentrates. Regardless fire retardant .In commercSu^ 

map SKIn SSSS of r? " the various flre retardants ava " abte - ^ ZJSJE 

, ufr,x~ AP ratl0S rangmg from a 00 ^ 9; 1 to about 1 A One particular blend contains aboirt 30 nX h! 
weight DAS and about 9 parts by weight MAP per 1 part by weight DAP. ^T^^T^efStorL 
MAP containing concentrate to have a viscosity below about 2000 centiDolsa the ^^ZTT ImT 
at least 0.3 mole DAP per moie of MAP. TheV^?^ 

co ^ a „?rl r H^ antS T common| y avallabl9 «" solid, particulate form but may also be obtained In a 
concentrated thickener-free aqueous solution requiring dilution with water and addition of thtekenw and I oSar 

225? I 0 ' 6 SffSJ?! mdtond f ° r flre CM 106 concentrated m^SSS^SSi 
typtealiy contams 34% o42% by weight P 2 0 6 (15<M> to 18% by weight phosphorus) In mVfo™ of a^mortLm 

When solid, particulate retardant is to be Incorporated In the concentrate of this invention, the retardant may 
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first be mixed with water, in a separate step, a solid particulate premlx comprising thickener and other 
additives, is mixed with the water with which the retardant was mixed. Thus, in this process, as will be 
discussed In more detail below, the solid, particulate fire retardant is added independently, and before the 
thickener. It is also possible to simultaneously add the thickener and retardant to water under agitation. 

5 Therefore, the solid, particulate form of fire retardant may be combined with the thickener and other additives 
to form a dry solid, particulate fire retardant composition for mixing with water. Such dry solid, particulate fire 
retardant composition may contain between about 85% and 95% by weight fire retardant, between about 
2.5% and about 7.5% by weight gum thickener, between about 1% and about 5% by weight corrosion 
inhibitor, up to about 4% by weight color pigment and other functional components as desired. 

10 The thickening agent of the composition of this Invention may be any of a number of thickeners, including 
standard gum thickeners such as galactomannan guar gum compositions. The thickening agent is employed 
to maintain the viscosity of the diluted fire retardant solution, for example, at between about 1000 centipoise 
and about 2000 centipoise for aerial bombardment from fixed-wing aircraft, or between about 50 centipoise 
and about 250 centipoise for aerial bombardment from helicopter. The thickener should make up between 

15 about 0.75% and about 6% by weight of the concentrate. Since addition of thickener to the concentrate of this 
invention does not produce the expected thickening action, the thickener concentration in the concentrate 
can be even higher, but the specific concentration depends on the viscosity desired in the diluted mixture. 
Thus, the thickener concentration in the concentrate for fixed-wing aircraft applications should be between 
about 1.9% and about 6% by weight of the concentrate to produce an expanded mixture upon dilution 

20 exhibiting a viscosity of between about 1000 cps and about 2000 cps, and comprising about 0.8<M> or 0.9% by 
weight thickener. The thickener concentration in the concentrate for helicopter applications should be 
between about 0.25% and about 2% by weight of the concentrate to produce an expanded mixture upon 
dilution exhibiting a viscosity of between about 50 cps and about 250 cps, and preferably is between about 
0.28% and about 0.36% by weight thickener. 

25 The composition of this invention may also contain a pigment such as iron oxide, which produces a red 
color, titanium dioxide pigment, which produces a white color, or a fugitive pigment which fades upon 
exposure to the elements. These colors aid afirefighting pilot by enabling the pilot to see where fire retardant 
solutions have already been dropped. On the other hand, for certain uses, particularly along roadsides or in 
parks, it may be preferable to exclude any colorant from the mixture. The concentrate would contain as much 

30 color pigment as would be required for visibility upon dilution. Thus, the amount of pigment depends on the 
degree of dilution contemplated. 

Other ingredients commonly included in low concentrations in fire retardant mixtures are flow conditioners, 
such as tricalcfum phosphate, magnesium carbonate, talc, sodium silicate and finely divided colloidal silica, 
added to keep the powder form of fire retardant composition free-flowing; and defoaming and antifoaming 

35 agents, such as polyalkylene derivatives of propylene glycol. Each of these additives may be present in minor 
amounts, about 0.3% to about 1.5% by weight, in the concentrate. 

In addition, various impurities are often found in such concentrates and resulting fire retardant mixtures. 
Certain of these impurities, such as ferrous ions, are believed to result in variation of the viscosity of the 
concentrates of this invention over a storage period of days or months, in addition, the instability believed to 

40 be brought on by such impurities may be manifested in significantly lower viscosity of fire retardant mixtures 
prepared by diluting concentrates stored for several days or months. Consequently, it is desired to maintain 
the concentrations of these impurities to a minimum since concentrates contaminated with these impurities 
and stored for several months might not produce fire retardant mixtures of acceptable viscosity. Thus, if a 
concentrate is intended to be stored for long periods of time, it is preferred to use a fire retardant of essentially 

45 pure or technical grade as opposed to, for example, fertilizer grade. 

The ferrous ions are believed sometimes to result from certain methods of production of the fire retardant, 
but also result from corrosion by certain fire retardant concentrates or mixtures of iron or steel holding tanks. 

Since the ferrous ions are believed to impair the stability of the concentrates and fire control retardants 
made therefrom, when the concentrate or related mixtures are to be stored in iron or steel tanks, it is preferred 

50 that small amounts of corrosion inhibitors (usually less than about 0.1% by weight), such as sodium 
sificofiuoride, dimercaptothiadiazole and/or sodium thiosutfate, be added to the concentrates of this invention 
to minimize the iron introduced into the concentrate from corrosion. 

The water used in formation of the aqueous concentrate and in dilution of the concentrate may be tap water 
or water from other convenient water sources. Due to the potentially long periods of storage and the danger of 

55 bacteria growth supported by the gum thickener (which typically is a polysaccharide), it may be desirable that 
the water be substantially bacteria-free. Accordingly, it may be desirable to add a bactericide, such as sodium 
silicofluoride in a proportion of about 0.90% by weight sodium silicofiuoride in the concentrate. The 
bacteriocide may be added to the water either before, after or simultaneously with incorporation of the fire 
retardant and thickener. However, the aqueous mixtures of this invention tend to have high ionic strength, so it 

60 is believed that use of bacteria-free water or a bacteriocide is not always necessary. 

Thus, the aqueous concentrate of this invention contains at least about 24% and as much as about 75<Vb by 
weight fire retardant, between about 0.750/0 and about 6% by weight thickening agent, minor amounts of other 
additives as discussed above, and exhibits a viscosity below about 2000 centipoise. When a fire retardant 
solution for helicopter delivery is prepared by diluting a concentrate of appropriate composition with enough 

65 water to lower the concentration of the fire retardant to between about 5% and 20% by weight of the mixture, 
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the mixture obtained exhibits a viscosity between about 50 cenMpolse and about i*n ™n«„„. M « 
control retardant for fixed^ing aircraft delivery is prepared in J P f Z M, 

exhibits a viscosity between about 1000 cenflpolse and about ^ Seise " 

me aqueous concentrate of this Invention should be prepared bv mhrtnn a,! , . ^ . , 

manner such that the fire retardant concentration in the SSH does not fall T" f*M 

during incorporation of the thickening agent Into the ™ncentrate "mis Si W !l flM 
before the retardant, since it has been found that rXSree mixSnS IScKSlT ^ 2? t* 
thickener exhibit unmanageably high viscosity. MonWoriS SS *T>l ^ *l Welght 
concentrates of this invention cannot be ESS iff miSS ™S £ SjE^^^tS^ 

thickener with water and then add that prembdu™ "to a ffin^^t)ltr ™^ t0 P , r ° m,X 

thickener, and optionally throughout the mixing process. In a preferred method th« to* EZl«J! V-T? -> 
with water to a concentration of a least 24o/o. aft! which he K^lTadS S ^2^^^^ 
mixture. However, if so desired, thickener and fire T, 221 ^ 

quickly than the thickener and it has been found that the overly high viscosity Is avoided lAccordi™ i ?m« 
method, the water may be added to a fire retardant composition comprising fire X^«32££r*5 

2i2£?5 SUSSST ^ ^ ^ ^ t0 *" ^ — *"» conSSon 3 ^ 

The concentrate of this Invention can be stored in a tank near the site of potential wildland fires Th* t ar ± 
may be equipped either with a small pump to recirculate the concentrate o -»SnV^2hS^iISn^? 



EXAMPLE 1 



*^ f Weal commercially available low viscosity, diammonium phosphate (DAP) based fire retardant 
concentrate (retardant composition with relatively low thickener concentration useful for dlkSon 
produce a helicopter deliverable fire retardant solution) of viscosity bXeen etoTso ™« «?h ST' 8 
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composition was mixed with water to form a 40<Vb by weight concentrate. The viscosity of the solution 
measured 10 minutes after mixing of this concentrate was measured with a Brookfteld viscometer operating at 
60 rpm and was found to be about 22 cps. A portion of the concentrate was then diluted with tap water to form 
a mixture comprising 16.1% by weight solids derived from the composition. The 10 minute viscosity of this 
5 mixture was found to be about 112 cps. The viscosity of the remaining concentrate remained 22 cps when 
measured at a later time. 

EXAMPLE 2 

Nine samples (labeled a through i) of various weights of high viscosity, dry, high proportion DAP fire 
10 retardant composition were measured and each sample was added rapidly to water (each sample added to 350 
ml) with rapid agitation. The resulting mixtures were stirred for five minutes after addition of the samples. The 
mixtures then sat undisturbed for five minutes. The viscosity of each mixture was then determined with a 
Brookfield viscometer operating at 60 rpm using a No. 4 spindle. 
Three more mixtures were prepared as above, but instead of the high viscosity, high proportion DAP fire 
15 retardant composition, the following compositions were used. For mixture J, the composition comprised the 
following: 

(1 ) monoammonlum phosphate (N/P ratio of 1 .0 to 1 .05) (204.6 gm) 

(2) gum thickener (hydroxypropyl guar gum derivative) (18.1 gm) 

(3) premix (10.6 gm) containing by weight: 44.4% tricalcium phosphate 6.70/0 mercaptobenzothiazole 
20 4.4% sodium molybdate 22.2% iron oxide 22.30/0 thiourea 

For mixture 1, the composition comprised the following: 

(1) monoammonium phosphate (N/P ratio of 1.0 to 1.05) (306.95 gm) 

(2) hydroxypropyl guar derivative (27.1 gm) 

(3) premix (15.9 gm) of the above proportions. 

25 For mixture k, the composition comprised the following: 

(1) diamrrtonium sulfate (306.95 gm) 

(2) hydroxypropyl guar derivative (27.1 gm) 

(3) premix (15.9 gm) of the above proportions. 
The following results were obtained: 





Sample 


Concentration of 
dry composition 
(% by weight) 


Weight of 10 min. 
dry composition viscosity 
(gm. in 350 ml) (cps) 


35 


a 


(DAP) 


12.0 


47.9 


1863 




b 


(DAP) 


13.1 


52.7 


2040 


40 


c 


(DAP) 


17.0 


71.8 


4203 


a 


(DAP) 


25.5 


119.8 


8473 




e 


(DAP) 


30.0 


150.0 


350 


45 


f 


(DAP) 


40.0 


233.3 


113 




g 


(DAP) 


50.0 


350.0 


less than 50 




h 


(DAP) 


60.0 


525.0 


less than 50 


SO 


i 


(DAP) 


70.0 


816.7 


167 




j 


( MAP ) 


40.0 


233.3 


above 10,000 




k 


(MAP) 


50.0 


350.0 


could not mix 


55 


1 


(DAS) 


50.0 


350.0 


about 100 



EXAMPLE 3 

SO The mixtures of Example 2 were stored in tightly capped jars for about forty hours. Then a sample of each 
mixture was diluted with some agitation to a 12% solution as might be used in fire control. The viscosity of 
each diluted mixture was measured by the procedure of Example 1 with the following results (the 40 hr. vise, is 
the viscosity of the mixture before dilution to a 120/6 solution, but after sitting for forty hours; the 10 min. vise, is 
the viscosity ten minutes after dilution; and the 2 hr. vise, is the viscosity two hours after dilution): 
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Sample mix- Diluting 40 hr. 10 rain . 2 hr 

vise. vise. . vise. 

- iC£S)_ (CPS) 

2050 1575 1567 5 

4346 1617 1637 

9590 1547 1527 

1307 1587 1635 

. , !20 1718 1783 10 

below 50 1925 2010 

below 50 1975 2032 

below 50 2937 3060 
solid 

solid 15 

below 50 2377 2415 





ture wgt. 
(qm) 


water wgt. 
(qm. ) 


a V DAP J 






D \ DAP ) 


201 .4 


17.5 


r> ( D ^ 
v» \ Uixtr ) 




87.3 


u V uAir ) 


187 .8 


210.1 


e ( DAP ) 


159 .7 


238.2 


r ( DAP } 


119.8 


278.1 


a ( dap ) 


OR Q 
-7 J • O 


302.1 


h (DAP) 


79.8 


318.1 


i (DAP) 


68.4 


329.5 


j (MAP) 




k (MAP) 






1 (DAS) 


95.8 


302.1 1 



fr ^ 0 o~k ^ ?*? 6d ° r Shaken t0 increase ,he homogeneity, and an aJIquot sample was withdrawn 
SunS^ n nCen ^ te - Und6r t 9 ' tati0n ' each sam P ,e the" d««ted with water SfSrmSoTS 
pounds of concentrate per pound of water: for A, 3.00; for B, 3.35; for C. 2.99; and for 0 3 L ZSSon 

™«„ C0 H? entrateS the dllut8d m,xtures "» shown the fo loving ^ anfco^paTd P ?fSe 
corresponding exemplary requirements set forth by the government of Itaty- spared to the 



\Z^T ^ the dilution performed without agitation. The concentrate was stirred Into water and 
Je resulting mixture sat for ten minutes. The viscosity ten minutes after dilution was found to be 1M7 ?os 
the viscosity two hours after dilution was found to be 2040 cps Samole I was ZnTn n!lhS'? 

EJEE T a K° n - ^ te " minUteS after ^^^SMSi c^a^thTvSooS; 

two hours after dilution was found to be 1833 cps. viscosity 

EXAMPLE 4 25 

BJS^^A2ST^ ntI ^? , A< B " ° °" Were prepared Concentrate A wae prepared by dissolving dry 
p?emtK1bT^ 
57.20/b colloid thickener (a polysaccharide guar gum) 

16.40/0 tricalcium phosphate 50 
2.3o/o mercaptobenzothiazole 
1.50/0 sodium molybdate 
5.70/0 dimercaptothiadiazole 
3.70/0 sodium silicofluoride 

12. Wo fugitive color 35 
10/0 polyaikyiene derivatives of propylene glycol 

Sa^ed 6 B ^ 10 ^ Same manner ' GXCept that ,ess WBtor (2283 ,bs ' « W3ed to 2660 lbs.) 

2.80/0 mercaptobenzothiazole 
1.80/0 sodium molybdate 
6.8O/0 dimercaptothiadiazole 

4.40/b sodium silicofluoride 46 
14.50/0 fugitive color 

1.4o/o polyaikyiene derivatives of propylene glycol 
^centrate D was prepared In the same manner, except that less water (2375 lbs. as opposed to 27604bs.) 
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Concentrates 

ITALY A B C D 

Phosphate Content 

(% wgt) min. 21.6 21.6 23.5 21.6 23.5 

Viscosity (cps 

at 20°C) max. 2000 19 22 20 22 
Viscosity (cps 

at 5°C) max. 2000 24 26 24 25 

Density (gm/cm 3 ) 1.15-1.35 1.25 1.26 1.24 1.26 

Iron oxide (% wgt) 0.4-0.8 0 0 0 0 
Pouring Time (% 

at 40°C) min. 97 - 99.5 - 99.6 
Pouring Time (% 

at 5 °C) min. 95 - 98.5 - 98.9 

Diluted Mixtures 

ITALY A B C _D_ 

Phosphate Content 

(% wgt) min. 5.4 5.4 5.4 5.4 5.4 

Viscosity (cps 

a t 20°C) 1000-2000 1606 1563 1580 1581 

Viscosity (cps 

at 5°c) - Pass Pass Pass Pass 

Density (gm/cm 3 ) 1.05-1.10 1.06 1.06 1.06 1.06 
Solution pH 6.0-8.0 6.0 6.0 6.0 6.0 

Stability at 20°C * Pass Pass Pass Pass 

♦Appearance only; absence of crystals or visible separ- 
ation in 48 hours. 



The viscosity stability of the concentrates was also measured. Each of the concentrates were separated into 
samples, one sample stored at 40° F, one at 72° F and one at 90° F. The 1 0 minute viscosity was measured with 
a number two spindle at various times and the results are shown In the following table: 
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Viscosity (in cps) after storage for- 

Cone Temp. 10 min. 24 hrs. 7 days 30 days 150 days 

^ 4 1 24 25 ~~25 24 26 

A 72 24 31 19 19 19 

A 90 24 18 19 22 22 

B 41 27 29 25 26 28 

B 72 27 31 20 22 22 

B 90 27 20 20 20 20 

C 41 25 28 22 24 27 

C 72 25 20 18 20 20 

C 90 25 18 19 18 18 

D 41 25 27 25 25 27 

D 72 25 20 19 22 21 

D 90 25 20 19 17 17 

Samples of concentrates B and D were stored at 74° F for various lengths of time and then were diluted to 
fire control application strength. The viscosities measured for these mixtures and the percentage of viscosity 
lost from that found for the mixture made from concentrate stored only 10 minutes were as follows: 

From Concentrate B From Concentrate D 

Storage Ti'me Viscositvt cps) % Lost Viscositv( cps) % r.^t- 

10 min. 1606 - 1616 ~ 

27 days 1563 3 1450 10 

42 days 1580 2 1640 gain 1 

150 days 1581 2 1403 " 13 

150 days 

(repeat) 1431 11 1442 n 



EXAMPLE 5 

Concentrated thickener-free, high DAP concentration fire retardant solution was obtained and analyzed 
The solution was of low quality grade (I.e., high concentration of Impurities), cloudy and yellowish, had a pH of 
«™ P. h0S P ha * e < in the form <* p 2°5) concentration of 19.71<W> by weight and a ferrous ion content of 
0.0700/0 by weight. Hydroxypropyl guar thickener (6 gm.) was added to a sample (200 gm.) of the solution to 
produce a suspension exhibiting a viscosity of 40 centlpolse. Dilution of the suspension by addition of enough 
water to lower the phosphate Ion concentration to 5.460/b by weight produced a thickened mixture but the 
results were not consistently reproducible. It is believed that the Inconsistent results are attributable to 
inadequate thickener dispersion. In addition, It was found that the viscosity of the diluted mixture dropped from 
1000 or 1500 cps to 100 or 200 cps within afew days. It is believed that this viscosity Instability Is caused by the 
high ferrous Ion content of the thickener-free solution sample. 

A second sample (97.3 gm.) of the low quality grade thickener-free solution was mixed with water (247 6 
gm. and a premix comprising gum thickener (3.165 gm.), sodium sillcofluoride (0.95 gm.). sodium thlosutfate 
(0.316 gm.), mercaptobenzothlazole (0.127 gm.), fugitive color (0.675 gm.), tricalcium phosphate (0.844 gm ) 
and antifoaming agent (0.063 gm.) to form Mixture 1. Another sample was neutralized by adding aqueous 
ammonia (about 1 .40/0 by weight) to increase the pH to 7.9. The neutralized sample (100 gm.) was mixed with 
water (244.9 gm.) and the same amount of premix as used to make Mixture 1. The resulting mixture was 
labeled Mixture 2. The viscosities of the two mixtures were measured with Brookfield Viscometer Model LVF at 
60 rpm and spindle number 4 at various times after dilution and the results were as follows: 

Viscosity (cps) of: 
Time after dilution Mixture 1 . Mixture 2 
10 minutes 1633 1480 

1 day 1570 1570 

2 days 1300 1523 
7 days 670 1380 

16 days 270 1203 



Thus, it appears that neutralization may reduce the observed Instability. 
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Two more samples, A and B, of the thickenertree fire retardant solution were obtained. The pH of one 
sample, Sample A, was Increased to 8.0 by bubbling anhydrous NH3 Into the liquid with agitation. Each sample 
was mixed with a premix to form a sample containing the fire retardant solution (94.84% by weight), gum 
thickener (3.09% by weight), sodium silicofluoride (0.93<Vb by weight), sodium thiosulfate (0.31 0/0 by weight), 
mercaptobenzothiazole (0.12% by weight), fugitive color (0.66% by weight) and antrfoam (0.05% by weight). 
Sample A was separated into Samples A-1 , A-2 and A-3. To Sample A-2 was added Na4Fe(CN)e to produce a 
concentrate containing 1.41% by weight Na4Fe(CN)e. To Sample A-3 was added Na4Fe(CN)e to produce a 
concentrate containing 4.23% by weight Na4Fe(CN)e. The viscosity of the concentrates was measured 
periodically. The results are shown In the following table: 







Viscosity 


(cps) 








Time after prep'n A-1 


A-2 


A-3 


B 




15 


10 minutes 53 


53 


53 


53 






3 days 50 


47 


50 


50 






11 days 97 


100 


97 


67 




20 


The pH of each sample was measured after 12 days. All Sample A concentrates had a pH of 7.5, while the 
Sample B concentrate had a pH of 6.95. 

Samples from each of the concentrates were obtained periodically after preparation of the concentrates. 
These samples were diluted and the 10 minute viscosity measured. The results were as follows: 




25 




Viscosity (cps) 








Lenqth of Cone. Storaqe A-1 


A-2 


A-3 


B 






0.5 hour 1890 


1373 


1400 


1503 




30 


3 days 1833 


1407 


1300 


1430 


f 




11 days 1763 


1367 


1327 


1327 






% of viscosity lost: 6.7 


0.4 


5.2 


11.7 


? 



When the diluted solutions were stored for 12 days, it was found that the diluted solution from Samples A-1 
lost 14.3% of its viscosity, the diluted solution from Sample A-2 lost IO.40/0 of its viscosity, the diluted solution 
from Sample A-3 gained 6.20/0 of its viscosity, and the diluted solution from Sample B lost 70.6% of its 
viscosity. 



EXAMPLE 6 

In experiments conducted to investigate methods of ameliorating the effects of the impurities in the 
thickener-free fire retardant concentrates, ~a sample (10 quart) of the low quality grade thickener-free 

45 concentrate as described in Example 5 was divided Into 19 allquots (418.9 gm. each). Some of the aliquots 
were treated with ammonium hydroxide until a desired pH was obtained. Hydrogen peroxide (71.7 ml. of 3% 
solution) was added to some of the aliquots, and the allquots left to set for one hour. Distilled water was added 
to all the aliquots to increase the total weight of each aliquot to 475.4 grams. Then premix (24.3 g,.), containing 
thickener (15.00 gm.), fugitive color (2.70 gm.), mercaptobenzothiazole (0.60 gm.), sodium silicofluoride (4.50 

50 gm.) and sodium thiosulfate (1.50 gm.) plus other additives as shown in the tables below, and polyalkylene 
derivative of propylene glycol were added to each aliquot. After mixing, the 10 minute viscosity of each aliquot 
was measured. Then, the aliquots were homogenized by agitation and a portion (120 gm.) of each aliquot was 
removed and stored. Five minutes after the viscosity measurement, distilled water (276.9 gm.) was added to 
each aliquot and the 10 minute viscosity of the diluted aliquots was measured. The stored aliquot portions as 

55 well as the diluted aliquots were monitored for viscosity stability. Periodically, samples of the stored aliquot 
portions were diluted and the 10 minute viscosities measured. The results are shown in tables I, II and III. 
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EXAMPLE 7 

Two thickener-free, low quality liquid concentrate samples were obtained. One of the samples was filtered in 
an effort to eliminate Impurities. Analysis of the unfiltered sample (Sample 1} Indicated that It contained by 
weight 23.590/0 P2O5, 8.77^0 NH3, 2.47% S0 4 and 100 ppm Fe+ 2 ( had a pH of 6.50, had a specific gravity of 
1292 kilograms per liter and had a nitrogen to phosphorus molar ratio of 1.55. Analysis of the filtered sample 
(Sample 2) Indicated that it contained by weight 23.390/0 P2O5, 8.4#>/o Nl-fe, 1.23°/o SO4 and 89 ppm Fe+ 2 , had 
a pH of 6.38, had a specific gravity of 1.266 kilograms per liter and had a nitrogen to phosphorus molar ratio of 
1.50. The analyses, therefore, indicated that the samples were about 40*Vb by weight mono and diammonium 
phosphate in 1 :1 molar ratio. The unfiltered sample was greenish brown, the filtered sample was yellow and 
both samples contained considerable quantities of fine, nearly colloidal Insolubles. It appeared that the 
samples were prepared from wet-acid grade phosphoric acid. 

A third sample (Sample 3) was prepared by dissolving dry solid, particulate DAP (1 kg.) In distilled water 
(1.34 liters). The third sample contained 23.130/0 by weight P2O5 and had a pH of 6.80. 

The samples were each diluted and mixed with other components to adjust the complete liquid concentrate 
formulation to a 40o/o solids containing solution of 18.53o/o P2O6, thereby forming mixtures of the following 
contents (concentrations shown in weight percent): 
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30 





Adjusted 


Adjusted 


Adjusted 


Component 


Sample 1 


Sample 2 


Sample 3 


Sample 


80.67 


80.11 


80.11 


Added Water 


14.29 


14.85 


14.85 


Hydroxypropyl guar 


3.06 


3.06 


3.06 


Sodium silicof luoride 0.92 


0.92 


0.92 


Sodium thiosulfate 


0.31 


0.31 


0.31 


Thiotax MBT 


0.12 


0.12 


0.12 


Fugitive Color 


0.55 


0.55 


0.55 


Pluronic 


0.08 


0.08 


0.08 
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40 



To study various methods of ammeliorating the deleterious effects of impurities, further samples were 
prepared by adding ammonia to aliquots of the above samples to adjust the pH to the levels Indicated in the 
tables below. 

All samples were stored for 531 days at 23.3° C. Periodically during the first 74 days the samples were stirred 
to assure homogeneity and an aliquot removed and diluted to end-use concentration by mixing the aliquot (80 
gm.) with water (1 91 gm.) and stirring for five minutes. The viscosity of the diluted samples was measured ten 
minutes and 24 hours after dilution. Viscosity was determined at ambient temperature with a Model LVF 
Brookfield viscometer fitted with a No. 4 spindle rotating at 60 rpm. A final dilution and viscosity measurement 
was made 51 3 days after initial preparation of the sample. The following table illustrates the viscosity measured 
for the undiluted samples over time: 



50 



Sample Viscosity 


(cps) 


after 


storage : 


£or (days): 


Sample 


PJL 


0 


1 


12 


25 


47 


74 


513 


Unfiltered 


6.6 


130 


47 


97 


80 


100 


87 


below 100 


Unfiltered 


7.1 


128 


80 


103 


100 


132 


115 


below 100 


Filtered 


6.4 


53 


200 


153 


103 


128 


90 


below 100 


Filtered 


6.9 


73 


130 


150 


90 


117 


97 


below 100 


#3 (DAP) 


7.8 


80 


130 


130 


80 


130 


110 


below 100 
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The following table illustrates the 10 minute viscosity of the aliquots removed from the above described 
concentrates and diluted to a final end use concentration. 



65 
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Sample Viscosity 

(days): 

Sample pH 0 l 
Unfiltered 6.6 1550 1523 
Unfiltered 7.1 1550 1607 
Filtered 6.4 1543 1393 
Filtered 6.9 1543 1477 
#3 (DAP) 7.8 1570 1583 

*<LTJJ™t™ & ZZ be seen *" the smerai ob,acts * ,nvent,on « «*■"•* - d ott - 



( cps ) 


after storage for 






25 


47 


74 


513 


1610 


1201 


940 


864 


547 


1433 


1270 


1127 


970 


690 


1243 


1055 


850 


605 


340 


1323 


1032 


1008 


827 


550 


1607 


1544 


1485 


1450 


1190 



Claims 
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1 . An aqueous concentrate adapted to be diluted with water and used In fire control, said concentrate 
exhibiting a viscosity of less than about 2000 centipolse and containing between about 0.75% and about 20 
60/o by weight a thickening agent and at least about 24<>/ 0 by weight solids derived from a fire retardant 
selected from the group consisting of diammonlum phosphate, diammonlum sulfate, a blend of 
diammonium phosphate and diammonlum sulfate, a blend of monoammonium phosphate and 
diammonlum phosphate having a nitrogen to phosphorus ratio of at least about 125 a blend of 
monoammonium phosphate, diammonlum sulfate and diammonlum phosphate having a nitrogen to 25 
phosphorus ratio of at least about 1 .25. and a blend of such fire retardant with polyammonlum phosphate 

2 A concentrate as set forth in Claim 1 wherein the fire retardant Is selected from the group consisting 
of diammon urn phosphate, diammonlum sulfate, a blend of diammonlum phosphate and diammonium 
sulfate, a blend of monoammonium phosphate and diammonium phosphate having a nltroaen to 
P^^f 1 of h at ,e h as * about 1.25. and a blend of monoammonium phosphate, a diammonium sulfate 
and diammonium phosphate having a nitrogen to phosphorus ratio of at least about 1 25 

3. A concentrate as set forth in Claim 1 wherein the concentration of said fire retardant comprises at 
most about 750/o by weight of total concentrate. H 

4. A concentrate as set forth in Claim 1 wherein said viscosity Is not greater than about 350 centipolse 

5. A concentrate as set forth in Claim 1 wherein said thickening agent comprises a gum thickener 
comptsrtron Centrate ** 5 ^ th,cken,n 9 «« 8nt comprises a guai- gum 

7. A concentrate as set forth In Claim 1 which, upon mixture with sufficient water, forms afire retardant 
mixture containing said fire retardant in a concentration of between about Wo by weight and about 20% 

by weight of total mixture and exhibiting a viscosity of between about 50 centipolse and about 2000 40 
centipoise. 

8. An aqueous concentrate that Is adapted to be diluted with water to produce an aqueous fire 
retardant mixture exhibiting a viscosity of between about 1000 centipolse and about 2000 centlDoise and 
containing between about 50/b and about 200/o by weight fire retardant and between about 0.2% and 
about 30/0 by weight thickening agent, the concentrate exhibiting a viscosity of less than about 50 45 
centipoise and containing at least about 24% by weight of the fire retardant and at least about 1 Sfifo bv 
weight of a thickening agent, the characteristics of said fire retardant being such that (a) the fire retardant 

in solid form releases phosphoric acid or sulfuric acid or both at a temperature below the ignition 
temperature of cellulose; and (b) mixing of one part by weight said fire retardant with between about 6 
and about 20 parts by weight water and between about 0.055 and about 02 parts by weight of the 50 
thickening agent produces a mixture having a viscosity of between about 1000 and about 2000 centipolse- 
but (b) mixing of one part by weight of said fire retardant with less than about 4 parts by weight water and 
between about 0.055and about 0.2 parts by weight of the thickening agent produces a mixlure having a 
viscosity less than 1 000 centipoise. 

9. A concentrate as set forth in Claim 7 wherein the fire retardant Is selected from the group consisting 55 
of monoammonium orthophosphate. diammonlum orthophosphate. monoammonium pyrophosphate 
diammonium pyrophosphate, triammonium pyrophosphate, tetraammonium pyrophosphate, ammonium 
polyphosphate, substituted ammonium polyphosphate, amide polyphosphate, melamine polyphosphate 
ammonium-alkali metal mixed salts of orthophosphate. ammonium-alkali metal mixed salts of 
pyrophosphate, ammonium-alkali metal mixed salts of polyphosphate, ammonium-alkaline earth metal 60 
mixed salts of orthophosphate. ammonium-alkaline earth metal mixed salts of pyrophosphate 
ammonlum-alkaflne earth metal mixed salts of polyphosphate, ammonium sulfate, liquid polyammonlum' 
phosphate and blends thereof. H j-miiinmim 

10. A method for controlling fires comprising the steps of: 

mixing with water an aqueous concentrate adapted to be diluted with water and used in fire control, said 65 
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concentrate exhibiting a viscosity of less than about 2000 centipoise and containing at least about 0.75<to 
by weight of a thickening agent and at least about 24% by weight of a fire retardant, the characteristics of 
said fire retardant being such that (a) the fire retardant in solid form releases phosphoric acid or sulfuric 
acid or both at a temperature below the ignition temperature of cellulose; and (b) mixing of one part by 

5 weight said fire retardant with between about 6 and about 20 parts by weight water and between about 

0.02 and about 0.2 parts by weight thickening agent produces a mixture having a viscosity of between 
about 1000 and about 2000 centipoise; but (c) mixing of one part by weight of said fire retardant with less 
than about 4 parts by weight water and between about 0.02 and about 0.2 parts by weight thickening 
agent produces a mixture having a viscosity less than 1000 centipoise, thereby producing a fire retardant 

10 mixture;and 

releasing the fire retardant mixture from an aircraft to form a fire break In front of an oncoming fire. 
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